
Breeding: rhythms of Selangor Rodents 

By J. L. Harrison, m.sc. 

Colonial Office Research Unit 
Institute for Medical Research, Kuala Lumpur 

To a visitor from a temperate climate the weather of much of the 
Malay Peninsula seems unvarying to the point of monotony. In 
Kuala Lumpur the extremes of shade temperature hardly ever 
rise above 95° F or fall below 66° F, the relative humidity hardly 
ever falls below 50 per cent, and as much as a week without rain 
is a rarity. With such comparatively uniform conditions there is 
little wonder that the pronounced breeding seasons of those ani¬ 
mals which inhabit countries where there are pronounced extre¬ 
mes of warm-and-cold or wet-and-dry seem to be absent, and the 
conditions exhibited in table 1 seem to prevail. 

Tablf. 1 

Average pregnancy rates by three month periods for the years 1948 to 
]‘J51 for four common species of Tfoltus. 


Species 

It. r. dinrdii 

It. cTiiluns 

R. gubnnus 

R. whitehead i 

per cent 

per cent 

per cent 

per cent 

Jan.-Mar. 

15 

20 

11 

29 

Apr.-J une 

14 

25 

13 

22 

Jul.-Sep. 

.. lfi 

28 

17 

20 

Oct.-Dec. 

14 

22 

14 

20 

Total no. 

of 




females 

exa- 



• 179 

mined 

.. 2.157 

262 

314 


Such figures could be the result of a lack of breeding rhythm, 
but equally they could be the result of a rhythm which did not 
coincide with the calendar months, and the pronounced seasons 
shown by bats in tropical conditions (e.g. Baker and Baker 19!ifi, 
and unpublished data) suggest that such rhythms should be 
looked for in other mammals. 

Material 

A large number of small mammals have been collected by the 
Colonial Office (Scrub Typhus) Research Unit operating at the 
Institute for Medical Research, Kuala Lumpur, Selangor, Malaya, 
in order to establish the pattern of parasitisation by mites. Ani¬ 
mals have been collected in the town of Kuala Lumpur, in sur¬ 
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rounding wasteland and plantations, and in nearby forest 

,J lve ? ' v J thm a radiua of twenty-five kilometers. Most of 
the animals were trapped in standard sized cage traps and 
animals of all species were examined without regard to abund- 

snmnled probabl >' representative of the populations 

« 1 the ; m,mals tr apped were rodents of some 

tion L ‘conhiSr 1 " 1 ' * ,S t0 thCSe that the *ve.stiga- 

t i A ” in ? als 11 om the “forest” areas were collected by the 
Jakuii tribesmen who dwell on the edge of these forest reserves. 

he word forest therefore must not be taken to imply primary 
growth forest ’ but rather a mixture of primary and secondary 

• .J he cr ' ter * on of pregnancy was the presence of clearly 
visible, embryo swellings on the uterus. The pregnancy rates 
(pregnant females as a percentage of all females) are crude 
ones, based on the whole population not excluding juveniles. At 
first rates were calculated on a standard population, but as the 
jiroport io, i of juveniles seems to remain approximately constant 
the differences involved were too trifling to be worth eliminating. 

\ ariafion in Pregnancy rates 


The difficulty with data of this kind is that a fairly large 
number of animals has to be collected before a reliable rate can 
be obtained. With a rate of about twenty per cent at least 
twenty-five females or fifty of both sexes must be collected be¬ 
fore the estimated rate can be reliably distinguished from one of 
thirty-three per cent. Such numbers can be obtained fairly easily 
w hen pests, such as the rats from houses or oil palm estates are 
under investigation, but the fauna of tropical forest is charac¬ 
terised by a large number of species no one of which is specially 
abundant. In fact for no species other than the domestic rats 
were as many as twenty-five females collected in a month, and 
the number was usually less than ten. Seasonal comparison of 
rates by species therefore had to be confined to periods of three 
months or more, and as is illustrated in table 1, no significant 
variation was found. 

It was noticed however that there was occasional agreement 
between species as to whether the monthly pregnancy figure 
was high or low, although the numbers involved were too small 
to indicate more than this. In table 2 are shown the number of 
pregnant females compared with the total number for three 
species of rat and two species of squirrel during the first four 
months of 19-19. 
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Table 2 


JiSSfW 1,1 Y un , lb ? r “f pregnancies for three species of rat and two 


Species j UH ' 

II. exulnn* .. 0/4 

til it Hi-n .. 0/11 

/i, HiihniiiiM .. 0/10 

C. notnluH .. 1/11 

C’. niy io vittat uk .. o/7 


Feb. 

Mar. 

Apr 

4/6 

1/5 . 

1/1 

2/11 

0/0 

0/2 

G/16 

0/7 

1/4 

6/15 

l)/« 

2/9 

4/11 

l/a 

1/4 


It will be seen at once that the rates for February and April 
are high and those for January and March are low’ These live 
speaes occur in a variety of habitats: A’, exulam in scrub, Ji. 
■inullert in forest in the wetter valley bottoms, R. sabanm in 
loiest on the drier hillsides, Cullosciurus notatus in trees both 
in tin 1 1 orest and in scrub, C. nigrovittatus in trees in the forest 
only. 


Such agreement suggests that these cannot be chance varia- 
tions but must rellect some external, presumably climatic, factor. 
II there is such a factor, and if it acts equally on animals of 
such diverse habits as ground rats and tree squirrels, then it is 
legitimate to investigate its action by adding together the preg¬ 
nancy data for all small rodents from the same habitat. When 
this is done for the forest species the number of females exa¬ 
mined becomes sufficiently large to allow month to month com¬ 
parisons to be made. 

In figure 1 is shown pregnancy rates calculated in this way 
by adding together the data from all specimens of the following 
species trapped in the forest—for each species in this list is 
given the number of females examined and the number found 
pregnant during the whole period from June 1948 to November 


Ground Rats:— 

Rattus multeri 151 (ID) 

R. bowersi 13 (1) 

R. whiteheadi 179 (44) 

R. rajah pellax and 

R. r. tturifer 210 (17) 

R. sabanus 311 (42) 

R. rattus jaloren- 
9Ut 101 (30) 


Tree Rats:— 

R. cantts 73 (9) 

R. cremoriventer 38 (8) 

Tree Squirrels:— 
Callosciurus nota- 

tua 158 (28) 

C. nigrovittatus 191 (22) 

C. caniceps * 74 (10) 

C. tenuis 51 ( 4 ) 
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BREEDING RHYTHMS OF SELANGOR RODENTS 

The ground squirrels, Rhinoseiuriui laticaudatus, Lariscus 
iiisignis, and Cullosciurius lo-wii, of which only a very few speci¬ 
mens were obtained, have been omitted. 

From figure 1 it is evident that there is a great deal of 
variation from month to month. The numbers examined, how¬ 
ever, are still rather small, even after consolidation, and it is 
possible that this variation is but a reflexion of the chance trap¬ 
ping of one or two pregnant animals more or less. To test this 
a ,\' test was carried out on the figures for the twenty-two 
months in which not less than thirty-three females were exa¬ 
mined, giving an expected number of not less than five pregnan¬ 
cies. A x- test measures the probability that the differences from 
the “expected" mean value were in fact due to chance variation 
without any external influence. The value of x - was 59.6, and the 
probability of obtaining such a value by chance is less than one 
in a thousand. Clearly the variation observed is greater than that 
expected by chance fluctuations. 

The Bimonthly Rhythm 

It is apparent that there is an approximately bimonthly 
rhythm. This rhythm clearly holds from July 1948 to September 
1919, is lost until September 1950, and then reasserts itself until 
June 1951 when it suffers an abrupt reversal of phase which 
continues to the end of the series. 

That this rhythm is not due to chance fluctuations can be 
demonstrated by a simple test of the observed and expected 
numbers of peaks and troughs (maxima and minima) given by 
Kendall 1946. Three consecutive values are needed to form a 
peak, or trough, and ol' the six ways of arranging three values 
two will form peaks and two troughs, if the values are arranged 
at random, then the chance of any three consecutive values 
forming a peak or trough is four-sixths, or two-thirds. Since in 
a series of N values there are (N-2) sets of three consecutive 
values the number of peaks and troughs expected by chance 
variations is 2/:* (N-2). This value has a variance of 16N-29. 

'90 

In table 3 this test is applied to the numbers of peaks and 
troughs in figure 1. It is clear that the first and last periods have 
more peaks and troughs than would be expected from random 
fluctuations, and that this excess is greater than can reasonably 
be attributed to chance variations. The peaks and troughs of the 
central period, on the other hand, agree very closely with those 
expected for chance fluctuations. 
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Table 3 

Observed^ und expected number of peaks and troughs (maxima and 
minima) in figure 1 for three successive periods. 

Period Jut. iS-Svp. \D Sep. i'J-Scp. 50 Sep. 50-Nov. 51 


No. of months 

15 

13 

15 

Expected no. of peaks 
and troughs 

8G7 

7-33 

8-67 

Observed no. 

13 

7 

12 

Standard error 

1-53 

1-99 

1-53 

1'robubility of such u 
deviation by chance 

0005 

0-87 

003 


A rhythm of some sort, in addition to random fluctuations, 
is to be expected. The exact period of gestation is not known for, 
any of these animals, but for murids generally it seems to be 
.about twenty days, as for example the periods given by Worden 
1917:—White rat 21 days, Black rat 21, White mouse 20, Wood 
mouse 21, Deer mouse 23, Vole 21, Cotton rat 27, Hamster 16. 
A period of pregnancy is likely to be followed by a period of non¬ 
pregnancy because although rats can become fertilised imme¬ 
diately after the birth of a litter, there is some evidence that 
implantation is delayed (Perry 1945, Farris 1950), and in wild 
as distinct from laboratory conditions mating seems unlikely 
during the 25 days or so of the nestling life of the young. 
Judging from the youngest specimens trapped the young become 
fully active at between 25 and 30 days of age and presumably 
the female is available for fertilisation after that. It would be 
expected therefore that a period of unusually high pregnancy- 
rate stimulated by some climatic factor would be followed by a 
period of low pregnancy-rate. At the end of this period a large 
number of females would become available for fertilization and 
presumably another period of high followed by low pregnancy 
would occur. Allowing 20 days for the pregnancy and 25 for the 
nestlings a rhythm at intervals of something over 45 days would 
be established. 

It must be remembered however that figure 1 shows the 
.average pregnancy rates month by month on the basis of a 
•calendar month of mean length about 30Vo days. A natural 
rhythm will appear as a bimonthly rhythm only if its own period 
is fairly close to 61 days (two months). This is illustrated in 
figure 2 where simplified pregnancy rhythms of various periods 
are converted to monthly rates. A natural rhythm of about 45 
days will not appear as a bimonthly rhythm at all, and a rhythm 
•of period very close to, but not exactly two months, will appeal 
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Fip. 2. Simplified pregnancy rhythms converted to monthly rates. 

The vertical lines divide up the time into twelve months of 
thirty days each. Each block represents a 20-day period during 
which all available females are pregnant, and these recur at fre¬ 
quencies of 45, 50, 55, & 57 days (interval* of 25, 30, 35, & 37 
days). The proportion of the month in which all females are 
pregnant is converted to an average pregnancy rate shown as 
•lots joined by a line. Thus 100% pregnancy for 10 days = 33% 
average pregnancy rate. 
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shown, is presumably a period during which the natural rhythm 
is in phase with the calendar month, the period September 19-19 
to September 1950 is the following out-of-phase period, and the 
period September 1950 onwards is the beginning of a fresh in- 
phase period. This is emphasised in figure 3 where the average 
amplitude uf the oscillations, estimated as the mean month-tu- 
month difference by three month periods, is shown from January 
1949 onwards. Months before 1949 are excluded because the 
numbers examined are small and therefore the expected random 
variation large. It is clear that the amplitude is large in January 
1949, falls to a minimum in early 1950 which is very close to 
that expected of random fluctuations, and then again rises. It 
seems very probable that the pregnancies have a natural rhythm 
which was exactly out of phase with the calendar in early 195u. 

It is clear that this natural rhythm can continue for at least 
fifteen months before getting out of phase with the calendar 
month and therefore must have a natural half-period which 
differs from a calendar month by less than two days, i.e. its 
period must lie between fifty-seven and sixty-five days. 

It is also clear that the rhythm is a sustained one seemingly 
too constant and regular to be maintained solely by an average 
of individual gestation periods and oestrus cycles. 

In June-July 1951 there was a sudden change of phase. The 
change is sharp and does not affect the increasing amplitude 
exhibited in figure 3, and must therefore be a complete reversal 
of phase. As will be shown later the change can be accounted for 
by the exceptionally dry weather in June, but the fact that a 
sharp reversal of phase occurs argues that the rhythm is deter¬ 
mined not by some physiological process but by some external 
event occurring at approximately monthly intervals. This inter¬ 
val must lie between 28</> and 32 I / o days, and the phases uf the 
moon, at 29 >/j days interval, are an obvious choice. 

The Rhythm by Lunar Months 

The period September 1949 to September 1950, when the 
rhythm appears to be out of phase with the calendar month, is 
also the period during which the discrepancy between the lunar 
and calendar months is at a maximum. This is illustrated by the 
following dates of the new moon, which is taken as the first of 
the lunar month:— 

194& 

March .. 8th 

October .. 1st 

and 30th 


19U9 

1950 

1951 

27th 

17th 

7th 

21st 

11th 

1st 



and 30th 

fi 1 
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Fig. 3. Average amplitude of the oscillations shown on fig. 1. 

For each 3-monthly period the amplitude shown is the arith¬ 
metic mean of the month-to-month differences of pregnancy rate. 
The broken line at r>% level represents the approximate average 
amplitude, to be expected of random variations of the monthly 
rates. Below each month is shown the lunar date of the last day 
of the month. 

If it is correct to attribute the pregnancy rhythm to a lunar 
rhythm then if the pregnancy rates during the out of phase 
period are recalculated on the basis of lunar months the rhythm 
should appear. 

This adjustment is made in figure -1 where the continuous 
line represents the pregnancy of rats only (for reasons which 
will appear below), by lunar months, and the broken line the 
pregnancies shown in figure 1 by calendar months. There is evi¬ 
dently a decided tendency towards a bimonthly rhythm by lunar 
months. Over the fifteen lunar months from 22nd August, 1949 
to 9th November, 1950 the “expected” number of peaks and 
troughs is 867, and the observed number is 10, a number which 
does not differ significantly from the chance expectation. If there 
is a bimonthly rhythm however the lunar month 21st October to 
19th November, 1949 should be a peak one, in iact it is not. 
Further scrutiny however shows that the pregnancy rate for the 
period is founded on the abnormally small number of eighteen 
rats examined two of which were pregnant. If three had been 
pregnant the resulting pregnancy rate would have formed a 
peak, and the number of peaks and troughs would have been 12, 
a number which differs significantly from the chance expectation 
of 8-67. 
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Broken line: rules by calendar months us shown in fig, 1. 

, Continuous line: rates for rats only by lunar months. The rate 
for the lunar month Oct.-Nov. 11149 is based on an abnormally 
small number of females. If only one more of these hud been 
pregnant the rate would have been that shown by the doited line. 

The transference from a calendar to a lunar month there¬ 
fore seems to maintain the bimonthly rhythm during this period 
and strongly supports the suggestion that the rhythm is in some 
way correlated with the phases of the moon. 

The Moonlight Effect 

On figure is indicated for each month the lunar date (i.e. 
number of days from the new moon) of the end of the month. 
The point of lowest fluctuation should occur when the effect of 
the lunar event is equally distributed over two months, that is 
when the central date of the period occurs at the end of the 
month. It is clear that the lunar event in question must occur 
sometime between the 11th and the 17th of the lunar month. 
Tltts roughly covers the period of bright evening moonlight 
immediately preceeding and during the full moon. The duration 
and intensity of the moonlight during this period is illustrated 
d^grammatically in figure 5. 

1 1 this period of moonlight does in fact affect pregnancy 
then there should be significant differences in the numbers of 
animals found pregnant and in the age distribution of the 
embi-yos at different parts of the lunar month. That these are in 
fact found is illustrated in Tables 4 to 9. 
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Fig. 5. Duration and intensity of moonlight. 

The night, shown vertically, is assumed to last from 0 p.m. to 6 a.m. The days of the lunar month are shown hori¬ 
zontally. The duration of moonlight is shown by the Vertical white strips, the bright area of the moons face by the 
• width of the strips. The first two hours after moonrise, and the lust two before setting, when the moon is low in 
the sky, are shaded. The diagram given a visual impression of the rapid increase in total moonlight about the tenth 
day of the lunar month. 
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in order to estimate the age distribution of the embryos, 
litters were classed as “young" or “old” according to whether 
the average weight of the embryos in the litter was less than or 
gieater than the median (i.e. central) value of all such weights 

is some evidence (Harrison 
occurs it affects 


for the particular species. There i_ _ *' *' ~ 

1951) that although intra-uterine mortality R 

individual embryos rather than whole litters. If the loss of litters 
can in fact be ignored and if the collection is not biased for 
young or old pregnancies then the median weight represents the 
mid-point of intra-uterine (implanted) life. If the period of 
visible pregnancy is about twenty days as suggested aliove then 
the class “young" represents litters up to al>out ten days old and 
ihe class old represents litters from about eleven to twenty 
days old. 

The dates on which the animals were examined were now 
converted to lunar dates (i.e. days from the new moon) and the 
numbers of “young” or “old" litters in each five-day lunar period 
consolidated over the whole period from April 1948 to December 
1951. Results are shown in Table 4 for all the common forest. 

Tablk 4 

Numbers of "young” and “old” litters consolidated for each five-day 
period of the lunar months (New Moon = day 1) during 1048-1961 fur 
ruts from forest ureas. 

Duy of lunar month .. 1-0 0-10 11-15 16-20 21-25 20-00 

Rut tux muUeri 

Old •• ..2 1 1 o 4 4 

Young .. 3 0 2 4 0 3 

Ruttux subunit* 

Old .. .. 3 3 3 2 5 6 

Young .. .. 3 0 2 0 1 4 

Rattux rutin* jalortntxts 

Old .. ..31 l 3 4 3 

\ oung .. .. 2 0 7 2 3 2* 

Rattux wlritrhtadi 

Old .. .. 2 5 3 3 2 8* 

Young .. .. 4 0 5 2 1 4 

Rut-tits in jit It su-rifer and 

pilhtj• 

Old .. ..12 3 1 0 2 

Young .. ..11 3 2 1 1 

Total for all above species 

Old .. 11 12 11 9 15 23 

Young .. .. 13 13 19 16 6 . 14 


* In the two cases marked the median value coincided with a group of 
litters. To avoid small fractions in the table the whole group was allotted 
to one of the classes young or old. 
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rats, namely: R. niiiUeri, R. sabunus, R. r. julorensis (forest 
specimens), A*, whiteheadi, and A*, rajah (A. r. surifer and R. r. 
pel lax). There is evidently a strong tendency for there to be an 
excess of “young" litters during the ten days about full moon 
and on excess of "old” litters during the ten days following. The 
numbers for individual species however are too small to avoid 
the effect of random variations, so the figures for all five species 
are consolidated at the bottom of the table. 

Since the number of "young" and of “old" litters is equal 
by definition, then, if the number of animals examined is the 
same for each period, the expected number in each box of the 
table should be the same. In fact sampling in the trapping 
register detects no tendency for the numbers examined at any 
one part of the lunar month to differ significantly from those 
examined in any other part. If the expected number in each box 
is taken as the value of obtained in 16-37 and the pro¬ 
bability of obtaining such a value by chance variation is less 
than one in a hundred. 

The forest rats therefore evidently show a significant ten¬ 
dency for conceptions to be more numerous during the period 
immediately before the full moon. A piece of confirmatory evi¬ 
dence is provided by the dates on which litters were born. Preg¬ 
nant rats occasionally give birth in the trap. This has occurred 
only eight times with forest rats and the lunar dates (days from 
the new moon) on which these occurred were:— 

R. mullein . . 25th. 

R. subunits . . 17th, 28th and 2nd. 

R. r. surifer . . 20th, 25th and 30th. 

R. r. pellux . . 26th. 

Six out of eight of these occurred during the last ten days 
of the lunar month, and the other two are close to that period. 

That this effect is in fact one of moonlight is suggested by 
the figures for the Squirrels, table 5. 

Tablf. 5 

The same data us in table -1 for the squirrels C. notatue C. niyiovit- 
tatus and euitierpn consolidated for ten day periods. 

Day of lunar month .. 1—10 11-20 21-110 

Old .. ..11 9 8 

Young .. ..11 7 10 

X* = 14 P = 0-5 
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zMisi i=s«=s 

Dei . CP v,< \ , x 1 the piobability of which is about fifty 

proportions showTin tnWe 5 <“ '^s'tE* from tl,e 

is about two per cent) Evidently tJp I th * p, ,° bab,llty i of whlch 
a fact which dpi! ' v,den ,V> the squirrels are not affected, 

moonlight Ts a^hrect ^nie ^ that th * «f 

Lumpup 1 *town°are 0 verT'fn •'"? Ku “ ,a 

of piobability conventionally classed as “significant" but it is 

fact fK? Und th , eie can be little doubt that this rat is in 
\ 1 a ‘ Te e t ‘-; d b y moonlight. Perhaps the reason for the lower 
degree of the eff«t is that, being a house dwel er it s not ex 
posed to moonlight to the same extent as are the foiestra^s 
That this may not be the whole story however is suggested by the 

riom an Oil Pain, estate. These differ from those of the forest 

,n showin/' Ven "! “'"'V a ', ul rather •zombie the house rats 
p.|j “1 mu a' smallel ' degree of moonlight-effect. An Oil 

Tui nh o,H h'° V ' T an u ' lusually “"iform habitat rich in food 
Mb pl>, and the pattern of reproduction of the rats inhabiting 

fr ° m t,mt Uf f ° reSt ' ats uf tha — -- 


Table 6 

The same data as in 4 for tile house ruts H. r. ditmlii 
liay of lunar month . * “ 

Old 

Young 


1-5 6-10 

11-15 

16-20 

21-25 

23 30 

20 

24 

26 

26 23 

32 

20 

19 

— 10-3 P 

= 0*07 




26-30 

19 


XT 

Table 7 

The same data us in table 5 for H. r. jnloremi* from Oil Palm. 
Pay of lunar month .. l-io 11-20 21-30 

0id -• ..12 9 11 

Young .. ..12 11 0 

v- = 106 P = 0-6 
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A further discrepancy is provided by the figures 

hLlfto 

“ not'hdo two'equal height groups but 

iuS three^t table /, uSn a sintila^ appears. A P— 

S3r3^a^5~ 

.... this is that of two litters of this species born in traps, 

ZX the bS and the other on the 9th of the lunar month. 

Table B 

■PH, same data as .» tattle 4 

Day of lunar month ^ 8 8 12 4 

Old .. "48 7 to 10 S 

Young .. ^2 = 9-02 P = Oil 

Table 0 

Tha same data as in table S (tor S. rralaae) rcctaasiBed late three 

weight-age groups. n _ 15 lfl _ 2() 2l _ 25 20-30 

Day of lunar month .. 1 ~ 5 7 4 0 3 

Upper third •* o r. 3 5 1° '* 

Mindle third J ?; 5 0 « 4 

Lowur third • • ^ _ 2(M) p _ 0 . 0 ;j 

The Moonlight Effect and the Bimonthly Rhythm 

and 

SiSrAuaStt u a P n 

^variations in the climate. 

Pree To“nv^Sr^B, attempts were made to correlate the 
pregnancy rates and 

SrSA3:«rature or could 
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3e detected, and indeed the variations were so small that none 
was expected. With rainfall however there was a distinct inverse 
con-elation with the rainfall, not of the same month as the preg¬ 
nancy rate, but of the month before, in other words the preg¬ 
nancy tended to be increased in the month following a dry month 
decreased m the month following a wet one. The correlation was 
not a marked one however. 

The animals concerned were collected from a number of 
localities averaging some twenty-five kilometers from* Kuala 
Lumpu,- in different directions. In detail the rainfall, of this part 
oi .Malaya at least, varies considerably from time to time and 
ft om place to place over fairly short distances, although the 
geneial trend dry ? ess or wetness agrees fairly well. It seems 
impiatticable to produce a fair measure of the rainfall pattern 
affecting individual rodents in different forest reserves, while 
averages of a number of stations are likely to mask the variation 
winch seems to be of such importance. It therefore seems most 
satisfactory to accept the rainfall of some central point, in this 
case the Meteorological Station at Kuala Lumpur Aerodrome, as 
airly representative of the whole. For the same reason it seems 
better to measure the rain as number of rainy days (i.e. number 
ol days on which one hundredth of an inch or more fell) rather 
than m inches. Rain tends to fall in heavy storms, and although 
there is usually agreement over a wide area as to whether or not 
ram fell, the exact amount that fell may vary widely. 

k yen there is a very close connection between local rain- 
tall and local pregnancy rate, the acceptance of such an arbitrary 
standard of rainfall and the grouping of the pregnancy rates will 
result in a very much lowered average correlation, so that no 
high degree of correlation can be expected. 

The degree of correlation was measured by the correlation 
coefficient r . This coefficient is obtained by calculating for each 
pair oi values the differences from their respective mean values 
m terras of the average difference (the standard deviation), 
multiplying them together,, and averaging this value for all pairs. 
A correlation coefficient of -f 1 means that as one value increases 
or decreases so does the other exactly in proportion, a coefficient 
oi -1 means that as one increases the other decreases (inverse 
correlation), and a coefficient of 0 means that the two sets of 
values vary independently of one another- With each set of 
paired values therefore the coefficient was calculated and tested 
to see il it differed from zero by a significant amount. For this 
lest the table given by Fisher and Yates 1943 was used. 


[ 121 ] 


Bull. Raffles 



BREEDING RHYTHMS OF SELANGOR RODENTS 


Correlation between pregnancy and number of rainless days 

The following values of the correlation coefficient and of the 
probability that any difference from zero is due to chance varia- 
tions were obtained:— 

1. Between monthly pregnancy rates for 1949-51 and 

number of dry days in the same month* 
r - 0-00246 ‘ P = 0-999 

2. Between monthly pregnancy rate and number of dry 

days* in the month before 
r = 0-277 P = 0-104 

The pregnancy is evidently related to the dryness of the 
month before rather than to that of the current month, although 
there is a fairly high probability (1 in 10) that the latter result 
s flue to chance. This value however has been calculated ignoring 
the bimonthly rhythm. I'f the bimonthly rhythm is allowed for 
iv calculating separate values for the odd months, January, 
March, May, etc., (which are mostly trough-months) and the 
‘•■n months, February, April, June, etc., (which are mostly 
eak-months), the coefficients obtained are:— 

3. Between odd (trough) months and number of dry days 

in the month before 
r ~ -0-0776 P = 0-98 

4. Between even (peak) months and number of dry days 

in the month before 
r 0-3404 P - 0-22 

The odd months show no correlation but being low values 
te expected number of pregnant animals is so small that random 
miations are very likely to swamp any other tendency. The 
1 -n months show an increased con-elation coefficient but the 
ignificance is lowered by the smaller number of months used in 

> calculation. 

A further effect of the bimonthly rhythm however will be 
iat any unusual tendency towards high or low pregnancy due 

> unusual rainfall will lie reflected as a reversed tendency, 
■"ards low or high pregnancy, in the following month. This 
•ay be allowed for if instead of the actual number of dry days 
ping used in the calculation the difference in number from the 

r For the purpose of these calculations the numbers of dry days were 
Hosted to a standard month of 30 days. 
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proceeding month is taken, that is to say if for example, two dry 
months follow one another the second is not counted unless it is 
drier than the first. The correlation coefficients are:— 

5. Between even (peak) months and the change in num¬ 
ber of dry days from the preceding month to the 
current month 
r = -0-18H P = 0 51 

G. Between even (peak) months and the change in num¬ 
ber of dry days from two months before to the 
month before 
r = 0 6031 P «= 0 016 

The correlation with the change in number of dry days for 
the month before is clearly a significant one since the probability 
of getting such a result by chance is less than one in sixty. We 
are therefore justified in saying that the pregnancy rate in any 
month is directly related to, among other tilings, the dryness of 
the month before. 

The effect of very dry months 

The correlation with the dryness of the month before is 
however not,the whole story. Although there is no detectable 
correlation with the dryness of the current month when all 
months are considered (coefficients 1 and 5 above) there is such 
a correlation when only the exceptionally dry months are con¬ 
sidered. There were six months with less than twelve rainy days 
apiece. For each the pregnancy rate was below that expected 
from the dryness of the month before, and a comparison of the 
number of dry days of the current months with the difference 
between the observed and expected values of the pregnancy rate 
gave a correlation coefficient of r = -075, P = 005. For very 
dry months there is clearly an inverse correlation between num¬ 
ber of dry days and pregnancy rate; that is to say an excessively 
large number of dry days depresses the pregnancy rate below its 
expected value. 

The effect of rainfall on the pregnancy rhythm 

Rainfall therefore effects pregnancy in two ways which 
reinforce one another. There is a general tendency for a dry 
month to increase the pregnancy rate of the following month 
and for a wet one to decrease it. In addition an unusually dry 
month decreases the rate during the dry period itself, and there¬ 
fore increases it for the following month by reaction. 
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How all this works may be seen from an examination of 
Figure 1. December 1948 was a dry month, but January 1949 
was an exceptionally dry month so that the pregnancy that 
month was unusually low. This initiated a series of oscillations 
which continued until August when the calendar and lunar 
months began to get out of phase. If we consider the Forest Hats 
on a lunar month basis (Figure 1), we see that the oscillations 
continued until February 1950 when the unusually dry period 
early February to mid March (covering the lunar month) with 
twenty-two dry days out of thirty-eight, caused a decrease in 
the expected peak for February-March and a peak instead of a 
trough for Mareh-April, thus reversing the phase of the oscilla¬ 
tion. These oscillations then continued until October 1950 when 
the exceptionally dry period covering the lunar month Septem- 
ber-October (twenty-two dry days in thirty-six) produced a low 
peak for that month and an abnormally high pregnancy for what 
should be the trough month October-November, thereby altering 
the phase again. The oscillations then continued to June 1951 
when the abnormally low rainfall reduced the expected peak for 
that month and produced, instead, a peak for July, again re¬ 
versing the phase. 

Town Rats 

During the period under review a large number of town 
rats, Rattus rat tux diardii, from the town of Kuala Lumpur were 
also examined. In this case the number examined each month 
was usually enough to give a significant result. The variation in 
pregnancy rates for the whole period January 1948 to December 
1951 are shown in figure 6. 

These figures differ sharply from those of the forest rodents. 
To begin with, although a test shows a significant departure 
from random variation (= 45.5, probability of such a value 
by chance is 001-002) the variation is much less than that 
shown by forest rats (probability less than 0001). 

The Lest used above (Table 3) gives the expected number of 
peaks and troughs as 2/3 (48-2) = 30-67 with a standard devia¬ 
tion of 2-9. The observed number of peaks and troughs is 29. a 
number very close to that expected by chance (the probability, 
of getting such a deviation by chance is about fifty-five per cent). 
There is certainly no evidence of a bimonthly rhythm here 
although the oscillations for the first half of 1919 are very 
tempting to the speculator. 
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Fig. 0. Monthly pregnancy rates, per cent, for the town rat Hattus rutin « 
i Hun l it. 


1948 1949 1950 1951 

Fig. 7. Pregnancy rates of town rats by 3-monthly periods (line) commenc¬ 
ing Jan., Apr., July, Oct,, and the V>tul number of rainy day* 
(block) during that period. 
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The relation with weather is also of an entirely different 
type. Here there is no detectable month-to-month variation with 
the dryness of the month before, the correlation coefficient bet¬ 
ween pregnancy and change in number of dry days being small 
and negative. There is, however, a relation between pregnancy 
and rainfall over a period, as is shown in Figure 7 in which 
pregnancy and rainfall (in number of rainy days) are grouped 
by three-month periods. There is a tendency for an increase of 
rainfall to be accompanied by an increase of pregnancy rate 
and vice versa. 

Rainfall and Feeding Activity 

An indication as to the reason for the correlation between 
pregnancy and number of dry days of a month before is given 
by the results of some feeding tests in grassland, which have 
already been reported (Harrison 1949). 

Rats were fed with dry rice in a rather isolated area of 
Impcmta grass in an area of scrub, and the take measured 
daily. The rice was offered in a tunnel-shaped wooden box of 
about 15 cm. X 15 cm. cross section permanently fixed in posi¬ 
tion, open at one end and closed at the other by a sliding door. 
The rice was contained in a 50-cigarette tin placed with open 
end facing away from the entrance of the box. The tin with its 
contained rice was weighed daily on a spring balance, the rice 
taken estimated by difference, and the amount made up by 
fresh rice. 

The baits were exposed in the area for two weeks before the 
commencement of the test, and the amount taken was negligible. 
Marked specimens of Rattus ratios argentiventer which had 
been conditioned to eat dry rice in cages, were then released in 
the area and the amount of rice taken daily measured. These 
figures are .those reported in the paper mentioned above. Exa¬ 
mination of droppings and the trapping and retrapping of 
marked rats indicated that the population feeding at the boxes 
changed in the course of a few months first to R. exuluns, and 
then to a mixture of R. exulans and R. r. Jalorensis. 'Hie pattern 
of response to rainfall, however, remained unchanged. 

As reported in the previous paper rain following a rainless 
period caused an increase in the take of rice, although rain 
during the night caused a decrease. The effect of rain after a dry 
period is summarised in Table 10. Evidently the stimulating 
effect is roughly proportional to the length ol the dry period. 
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Table 10 

The effect of rainfall after a dry period on the amount of dry rice 
taken by a mixed colony of R. cxulans and R. r. itUorensis durine the 
penod March 1040 to March 1950. 

For periods of 2 or more rainless days, for which records are available, 
ns shown the change in take between the lust rainless and the first rainy 
day as number ol increases and decreases and average per cent increase 
(counting decrease as negative). 


Rerioil without rain 

Number of ouch periods 

showing showing 

Total increase decrease 

A veragu. 
increase 

2 days 

10 

7 

3 

24% 

3 days 

5 

4 

1 

22% 

4 days 

2 

2 

0 

53% 

5 days 

4 

3 

1 

G4% 

6 days 

3 

3 

0 

87% 


It seems reasonable to ascribe the increased take of bait to 
a general increase in activity, and such an increase may well 
result in an increase of pregnancy, either by increasing the rate 
of impregnation, or by affecting the oestrus cycle. Since in white 
rats the oestrus cycle is known to be closely related to cycles of 
activity, the latter is likely. 

If this is so, it is clear why the pregnancy rate is roughly 
proportional to the number of dry days of the month before. 
Since the increase of activity is roughly proportional to the 
length of the dry period the effect of one long period will be equal 
to that of two periods of half the length or three of one third 
of the length, and so on, so the total effect can be measured 
directly as the total number of dry days. Furthermore the dry¬ 
ness begins to take effect not during the period, but after its 
end, and if it affects the oestrus cycle the actual gap between 
the end of a dry period and the onset of visible pregnancy is 
likely to be of the order of a week or more. 

Similar considerations apply to the effect of a very dry 
month. Since rainfall at the end of a dry period stimulates acti¬ 
vity it must be presumed that a dry period depresses it and may 
well delay or prevent ovulation or implantation. Such relation¬ 
ships however are at present purely speculative. 

Summary 

1. Data have been kept as to the state of visible pregnancy 
of a large number of rodents examined in connection with scrub 
typhus investigations during the years 1948 to 1951. 
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2. The numbers examined of any one species from the forest 
aie too small to allow of month to month comparisons of preg¬ 
nancy rates, but the coincidence of high or low rates over a 
number of species at once suggests the action of an external 
factor, and to investigate it the gross pregnancy rate of all 
forest species combined is used. 

.5. Two relations are visible, a bimonthly rhythm related to 
the phases of the moon, and a correlation with the rainfall. 

■1. By classifying pregnancies as young or old, and recal¬ 
culating the dates of examination on a lunar calendar it is shown 
that there is a strong tendency for conceptions to be more fre¬ 
quent in the period immediately before the full moon. This is 
true tor the nocturnal forest rats, and to a less marked degree 
lor house rats and rats of an Oil-Palm estate, but not for the 
diurnal forest squirrels. 

5. The pregnancy rates for the peak months of the rhythm 
are correlated to the number of dry days of the month before 
with an overriding effect that exceptionally dry months lower the 
rate for the current month. 

6. No such effect can be detected with town rats, but over 
three monthly periods there is a correlation with the number of 
wet days of the period. 

7. The amount of rice eaten by wild populations of three 
rats in grassland is increased on a wet day after a dry period, 
and the increase is roughly proportional to the length of the dry 
period. It is suggested that rain after a dry period stimulates 
the activity of the rats and that this increased activity stimulates 
the breeding. 
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